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( repared by Miss M. Welch), es ec.ially since most of Weather controls over the iiqhting during the spring of 1918. (Sci. 
monthly, N. Y. v. 7. July, 1918. p. 24-33.') 

monthly. pi. 1'. v. 7. Oct. 101s. p. 289-298.) 

monthly, N. 1'. v. P. Jan., lW3. p. 1-15.) 

Weather controls over the fighting during the suninier of 1918. (Sci. 

Weather controls over the fighting during the autumn of 1918. (Sci. 

In The Wi?dsor Nquzine. (London), a British author, 
E. D. T'slinw, has published on t41ie same subject from 
soniewliat differelit sources. See extensive quotation in 

''l and 94---c* F. B. 

t P ie articles are in readily accessi 
The weather factor in the great war. [Title varies. (Popular sci. 

monthly, N. T. v. 85. Dec. 191.1. p. 604-Gl3: ournal of geug- 
rnphy, Madison. Wis. V. 13. Feb., b ar., June, 1915. p. 169-171; 
209-216; 315-317. V. 14. Nov., 1915; June, 1916. p. 71-76; 
373364. V. 15. NOV., 1916; Apr., 1917. p. 79-86: 245-251. l r .  
16. Oct.. Nov., 1917; Apr. 19IS. p. 47-51; SG-90; 291-300.) 

Journal of the military service 'iBtitiition, 

Sept.-Oct. 1017, p. 145-155; Nov.-Dec. 1917, p. 293-302.) 

monthly, N. 1'. v. 6, Feh., 1918. p. 97-105.) 
Weather controls over the fighting in Mesopotamia, in Palestine, and 

near the Suez Canal. (Sci. monthly, N. Y. v. 6, Apr., 1918. 

3 

Weather and the war. 
Cfovernor's Island, L . Y. v .  61. Jub-Aug. 1917, P. 43-50; Th,e Litcrn,*y Digest (xeu7 i70r]c), hiar. 39, 1919, pl,. sy, 

Weather controls over the fighting in the Italian war zo6e. ( S c r  - .J 

p. 39-304.) 

MEASUBEMENTS OF THE SOLAR CONSTANT OF RADIATION. 

By C. G. ABBOT, 

Assistant Serretnry of the Smithsonisn Institiition. 

By invitation of Prof. Marvin, Chief of the United 
States Weather Bureau, the Smithsonian Institution 
will coniniunicate from time to time, as received, the 
nieasurements of tmlie solar constant of radiation w1iic.h are 
being made by its observeis a t  C!alnma, Cliile. The 
present paper gives in Table 1 the values which have been 
received hitherto from the stntion, beginning with July 37, 
191s. 

The values are being coiiiniunicated daily by telegraph 
from Calania to Buenos Aires and by letter to Rio de 
Janeiro, as the meteorological services of Argentina and 
Brazil are conducting a test of their value for purposes of 
forecastint Tlie usefulness of the solar constant re- 
sults for t is purpose is not so firmly establishecl as to 
warrant the ex ense of telegraphing the results to tlie 
United States, gut  in order to put them as speeclily as 
feasible before meteorologist,s, Prof. Marvin has thought 
good to aimnge for their regular publication in t.lie 

It is to be understood by the reader that these values 
are preliminary, and sub'kct later to detailed revision 

by the Smitlisonian Institution: but the changes which 
will be made in such revision will probably be small, and 
oftentimes no change at all will owur. 

Tlie solar constant of radiation ai3 here defined is the 
intensity of the solar radiation as i t  would be outside of 
the enrtli's atmosphere at mean solar distance. It is 
determined by the use of the spectro-bolometer and 
pyrheliometer in the manner described by the writer in 
the MONTHLY WEATHER REVIEW for January 1919 
(vol. 46, pp. 1-31, where an acc,ount of the South American 
Ex ,edition of tlie Smithsonian Institution is given. 

$11 the following publications we shall give values of the 
solar constant in calories per square centimeter .per 
minute, values of the atmospheric transmission coefficient 
a t  wave lengtsh 0.50 microns, indications of the trust- 
worthiness of the results, indications of the humidity 
of tlie air prevailing at the earth's surface and also as 
integrated throu h the whole path of the earth's atmos- 

notes as may be desirable, explanatory of the results of 
incliviclual da-p. 

I n  estimating tshe trustworthiness of the individual 
v:dues, the following miteria are employed: First, as to 
the internal evidence of the goodness of the observations. 
This depends upon the mutual support offered by the 
six bolographic observations of a given day. If the 
transparency of t,he atmosphere remains unchanged 

1\fONTIILT WEATHER REVIEW. 

and occasional change H.S t 1 ley will be published in estenso 

phere between t a e observer and the sun, and, finally, 

during tlie several hours required t,o determine it, the 
logarit,hms of int,ensities a t  esch of the several wave 
lengths wliere measurements are made in the solar 
spectrum should be proportional to the air niass tra- 
versed by the solilr bemi in blie atmosphere. In other 
words, the 1og:i.rithniic plot whose ordinates are loga- 
rithms of intensity and whose abscissx ore air masses 
(or rouc.hly secunbs of the sun's zenith distance) should 
npproa& u straight line for each individual wave length 
in the speckrum. Noting the proportion of 40 different 
wave lengths for which this criterion is well supported 
on a given day, tlie observers draw their conclusion as to 
whether the constmcy of tlie transparenc 

times they furtaller qualify these characters by the 
symbols + and - . Thus E - indicates a clay on which 
the 1oS;arithniic plots were enerally very straight, but 

the mark given is E +, it  indicates that no improvement 
on the merit of the day from t,he point of mew of the 
1ogarit.hmic plots coultl ren.sonably be hoped for. Days 
marked G - ,  or P are entitled to little weight unless 
the defect of tlie observations should be esplainable b 

they might introduce irregularities in the spectro- 
bolographic determinations, would yet be independent 
of variations of t,he transparency of the air. 

It is a weahmess of the method that the determina- 
tions of the atnios hcric transmission require several 
hours of unchangec? transparency of the air. We are 
developing tm empirical method, based upon the full 
spectro-bolometric method, by nieans of which we ho e 

constant to a few minutes, and it is possible that the 
ap licat,ion of this new method may enable us to mate- 

Furt!lier conclusions as to t.lie merits of individual 
determinations ore based upon visual esnmination of the 
sky during the period of obserrntion. If cirrus clouds 
are seen in tlie same cpiart.er of the sky as t,he sun, and 
especially if t,hey spring up during the observations, or 
pass oft' during tlie observations, this fact tends to 
weaken the day's result. Also, if there l i s  been during 
the clays immediatelp preceding, or if there follows in the 
immediately succeeding days, :t period of cloudiness, 
this weakens the result. Special considerotions of this 
character should be taken into account in the estimation 
of the merit of tlie da,y. I t  is regretted that the sky has 

wtw excellent, very ood, good, or oor, an B the for indicate the day 
this judgment by t !i e letters E, f G ,  G, and I?: Some- 

not quite as satisfactory as B or a day marked E. When 

reason of earthquakes or magnetic storms which, whi 9 e 

to shorten the period required to determine t>he so ? ar 
ria P 1y improve the results. 
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not proved as free froni clouds a t  Calama as availahle 
met,eoroIogicd ohsemntions led us to expect before we 
estnblisheci the solar station there. 

Further considerations are hnscd upon the degree of 
humiditmy revniling and op the substantial constrlncy 
or variab&ty of it during the observations. Three 
colunins are devoted to humidity. The first, clesi natetl 

the water vnjor ba.nd called by Lawlev. p, u, 7,  RS 
compnreci wit II i the int,ensit>y indicat.ecP by t,he smootli 
curve over hlie t,op of t.hc bmcl? or in other w\.ords as it 
would be observed by the boloniet,er if the humidity 
were zero. This rntio for p/psc gives t,lius an iiicles of t,he 
integrated huniiclity pw-tiiling between t,he ohserver 
and the outside limit of bhe a.tmosphere in the directmion 

by p/psc indicates the relat.ive int.ensity in the mit 7 dle of 

of the sun. 
The second ani1 t hircl colunuw of humitli tv give the 

I 

1 stnnt. 
Date, A .  $1. or 

1. . 

Humidity 
(Air rnilss=3.). _- 

PlP.0 

_- 
0.555 . s i  
.59U . J0.J 
.53s . li?; 
.1;53 . c;i% 
.7D5 . 6i.i 
.85" . 6i7 . lil:l 
.GIG . i4.5 
.559 
.5!13 
.7oj 
.552 

.457 

.574 

.814 

.726 

.739 

.PI5 . lXJ3 . 847 

.677 

.599 

. 5 3  

.474 

..la4 

? t  

.4GS 

.381 

.542 

.7118 . Ius 

.531 

.d2l . i47 .?a . cis1 

. 7 8  

.423 

.w . ri97 

.6B7 . ai1 

.w . 73s 

-. 

f. 1' 
CN. 

-_ 
0.10 
.14 
. l5  
.15 . Iti 
. I1  . Wd . (is 
.(Si 
.(ti 
.1u 

. 1 Y  

.0:1 

. w  

.3? 

.15 

.07 

.08 

.n 

,21 
.07 . 06 
.os .w 
.07 
. w  
.ll 
. l ?  
.14 
.2u 
.37 

. in 

.23 

.38 

.1s .w 

.07 

.29 

.15 

.M 

.a5 

.w 

.10 

.30 

.19 .ox 

.13 . 12 . us . u7 

- 
3el. 

%. 
1UlU 

-_ 
14 

?? 
J" 
23 1s 
l l i  
14 
11 
11 
Id 
13 
19 
1:3 
11 
15 
23 
11 
15 

211 

26 
0 

10 
12 
16 
12 
11 
13 
18 
19 m 
21 

20 

27 
61 

w 
15 
11 
41 

27 
10 
S 

15 
15 
14 

25 
13 
3 
1Y 
13 
I3 

Remarks. 

Cirri iu south and west. 

Some cirri. 

Scattercd cirri and cumuli 
a t  11 a. m. Almost cn- 
tirely ovrrcast bv 2 ni. 

LOW ciimidi in cast. Kin11 
floating clouds high in 
south. 

Considerable cumulus in 
north and east. Cirri 
ncarsimlattcr part oIub 
servation. 

Bank of cumulus in east, 
also in northwest. 

P a t h s  of rimis not far 
from sun. 

Considerable cimis in west 

Considemble cirrus. 
Cirri low in nmth and cast. 

and east. 

Cirri in east. 

1. A. Y .... 1.n42 

7, '1. M... 1. 920 
8. A. 31.. .. 1. $45 

6, .\.&I 1 . w  
.. 

.... 
5 ,  A.M. .  1.LICd 

9, A.M.... 1.941 
111, A. SI... . 1.030 
l!. A . M  __._ 1 . W  
13. P. 31.. .. I.  ::51 

14, I,. a i  _ _ _ _  1. V4ti 

1 5 . ~ .  M... 1.957 
1u. 1. M.. . 1.141 
17, 1. 31.. . 1.:05 

1s A. Y .... 1.m 
El, A .  M ... l.!IfIS 
51. A. 11. .. 1.w ., r 
- 1 1 :  1'. M... . 1. sv2 
?.%.A .M... 1.w4 
?J, A. > I . .  . l.Y?S 
31J, .I. M.. . 1. W 
31, A. ai ... 1.!W 

No\.. 1, A .  M... 1.Siti 
5,P.M ... L Y 2 1  
15, A. M... 1. S'J3 
5. A. Y.. . 1.9313 

9. -4. Y.. . 1.951 
8. A .  X... 1.BI;B 

12, P. 32.. . 1. 

lli. A. Y ... 1. 924 
17, A. M . . .  1.934 

Is, A.M... 1.!145 

21.P. M... 1.915 
29.P. Y... l.!W 
I,P .ai... 1.972 

23, .4. P... 1.950 

25. A. N... 1.924 

2Y:P:M ... 1.Y17 
27 r M . . .  1.025 

2, A . M . . .  1.%4 
3,A.M ... 1.'&7 
4 , A . M  ... 1.9J9 

1.939 
16, 6. M . .  1.947 
:l,pAz::i 1.W3 

12, A . M  ... 1.951 

13, P.Y . . l  2.013 

22, A. M .. 1.9% 

23, A . M  _ _  1.984 

3i.n.m ... 1.m 
24, -4.31.. .I 1.953 

I 
$,A.bl ... 1.94s 

31, A. Y..  . 1.542 I 
191~. j 

Jan. 1 . A . M  ... 1.W 
2 , A . M . . -  1.WXl 
3,A.M ...I 1.974 

~~ ~ ~ 

Humidity 
I .\lr m3ss=3). __ 

4 P " C  

-_ 
.71li 
.t;t;s 
. i4ll 
. i4G 
.712 . n9a . 72.; . . ii? . U i l i  . ::5s 
..llil 

. 4 i ?  

.445 

.41:3 

.456 

.715 

.I927 

.5u 

.41? 

.IS 

.5?5 

.512 

..I$; . IM5 . wvo 

.54s . I;% . lil3 

.512 . ,ill 

.5iS 

.454 

,433 . >J7 

.4!% 

.*MI 

.34Y 

. -146 

.4lJ . w 

.351 

.330 

. 5rni 

.5W 

.543 

.511 

.53Y 

.a6 

.50u . ljS7 

.&Ill 

.447 . 4lil 

.333 

.39a 

.4I 

.532 

.551 

. I 1  

.359 

.433 

.39? 

.532 

. a? 
. 4 3  

.433 . 446 . 

J. F 
em. 

.I18 

. I 0  . lJ7 . 06 

.a6 . 0s 

.07 

.us . llli 

.07 . fl'i 

.D 

.35 

. l S  "a, 

.?3 

.os 

.1B 

.I8 

.3!! 
98 

. I 7  

.17 

.A 

.I5 

. I 7  

. 14  . 15 . Ili 

.3 

. I 2  

.3" 

.3 

.21 

.31 

.1s 

.3d 

.33 

.31 

.3? 

.43 

. 25 

. 24 . ?G 

.?rj 

.1s . "1 

. ?I 

.I7 

.1u 

. 28 

. 3 5  

.2 

.34 

.31 .a 

.19 

.17 

.2i 

.52 

.37 

.31 

.25 

.I9 

.35 

.21 . B . au 

.I. 

... 

.>.i . -- 

..... 

lcl. 
uni. 
m. 
: , I .  

-. 

13 
16 
11 
10 
9 

12 
12 
13 
12 
8 

11 
13 

18 

2.4 
41 
31 

11 
15 
24 
1 9 
33 
?i 
I. *>L, 

10 
24 
1s 1s 
?a 
11 

22 
15 

an 
2s 

31 

31 
47 

1 1; 
15 
17 

58 

36 

13 
12 

13 
0 
24 

26 
22 
13 

14 
15 u 
34 

15 
25 
20 

17 

11 

51 

43 
YO 
30 

23 

41 

2!! 
27 
3ti 

;; 

Remarlis 

Low cirrus in south. 

. .  
nnll lnw. in west. 

Crimiili in c:rrt. Line of 
siuall cirro-ciinitili in 
southwst.  

Dank ofcirrus in nortlirast. 

Cmisidrrn~dr rirrus in 
northcas t . 

Cirri in north. 
cirri in northcast. 
S:at,t~rcd cirri. 
c'irri 211 north and rsst. 

l i r r i  in nortlmst.  
Cirri low in northeast. 
Cirri in vast. 
IAIW rirri in wrst. 
Cirri in cast. 

Scattend cirri. 
Cimia in ntsth and cast, 

with two patvhps b*lo\v 
11111 in wwt.  

ing. 

northrss t . 
edst brlnv: sun. 

Sonic virri in cast. 
Cirri in east, bat disappear- 

Some cirri in northrnst. 
Low )Jtl.llk of cirrus in 

Thirk bank of rirrus in 

Cirri in north ani1 vast 
Mnrr I~rniing t~ontiiiually. 

Cirrus in north. 
Cirri ln north and rast- 

incri-asix. 
Cirri in north, southwest, 

and low in east. 
Cirr~ruinul i  in east and 

west:, 
C'iirn~ih in east and soiith. 
Flonting clouds in south- 

west and in cast. 
Few cuniuli in east. 

Bew atches 01 cirrus in 
nor&. 

Cirrus disappearing in 
northrnst. 

Sattercd cirri. 

Thin floating clouds hi 
south, soufheast, and 
southwest. 

Floating clouds low hi east. 

F;;rty;a.hcs of cirrus in 
Cirii inoving rapidly from 
Cirriscatterrdovcrskywith 

Cirrus in c s t  and north- 

northwest. 

large hank in west. 

enst, disappearing. 

Sn~all patch or cirrus in 

Cirrus scsltcrcd owr large 
north. 

part of sky. 

Bnnkofcirmsin i i o r l b t .  
Dank of cirrusinnorthcnst. 
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Solar 
con- 

stant. 

~ 

1.S90 
l . . W  
1.941 
l.s!!S 
1 . w 3  

1.04s 

1.939 

TABLE l.-ASo2ar eonstniit, ntiiios herie trammission, mid ntiii.osp11eric 
nioisfiwe wli tes ,  i)iensiirid ut L.n];nnin, C‘hile, JiiZy, 1918, to Jmiztory. 

TABLE 1 .--6olnr ronskiiat. a t m m  hwic trniunrissima, and atmospheric 
moistitre cialires, n i w i i r d  nt Cafnma, Chile, kily, 1918, to Janumy, 

Cradr 

vc+ 
VI;+ 
E-.. 
E.... 
VG- 
E - . .  

VG- 

_. ._ 

Datc. A.  P. 01 
P. P. 

Jan. 6 . A . M . .  
8.A.Y.. 

11. A.M.. 
12. A. 1.. 
14.A.M.. 

16.A.N.. 

17, P. ?d . . 

Gradc. 

__ 
VG- 
I< -... 
VG+., 
VG+ _: 
IC-... 
E- ..., 

m i S -  
sion 

:$% 
at  0.5 
mi- 

cron. 

..,sa 
.s75 
. S i 4  
.S% 
. s 2  

..SI7 

__ 

Trans 

sion 
C1Wffi- 
cicnt 

mi- 
c r o ~ ~ .  

IIUS- 

3t $5 

Humidity 
(Air mass= 3). 

PIP.. 

,870 
,3313 
,425 . 3% 
.637 

.571 

. t-3 

- 

v. P 
C l l l .  

- 
. -1s 
.39 
..I1 
.3s . 26 

.45 

.39 

- 

- 

Rei. 
h i m  
5. 
- 

45 
30 
43 
3s  
31 

50 

Id 

- 

Date. A. if. o 
P. Y. Remarks. 

Cirri nll arnrmd horiznn. 

Some cirri in east and north 
Considvralde rirrus in c s t  

and Sniltll. 
Cnnsideralile cirrus in c:ut 

and north, with lwge 
p:%trhrs in west. 

~ o n r i d c r ~ ~ l ~ l c  cirrus in cast., 
h i t .  dissppeoring. 

Jan. 18. A. Y . .  

19. .4 .P. .  
2 i l . A . M . .  
21. A. 31. . 
22. A . M . .  

23. A. M.. 
24..4.M.. 
25. A. 11.. 
m. A. 31.. 

- 

Solar 

stant. 
con- 

- 
1.078 

1.962 

1.9:<2 
1. !OD 

1. 930 
1.Lnlli 
1.9li9 
1.9% 

1 . m  

Humidity 
(Air mass=3). 

THE DIILECTION OF ROTATION OF CYCLONIC DEPRESSIONS. 
By J. P. DINES. Meteorological Ofice, London. 

[Dated: 5311. 16, 1919.1 

I n  a recent, nuniber (if Nature (Dec. 12, 19lS’r I cn.llccl 

why cyclonic ciir.ul2it.ion sIiuulil not t,n!ie plwc in the i.qi- 
posite direc tiiin t.o that c~ommonlye q ~ ~ ~ r i r n ~ ~ e d .  ‘l’1i:Lt is, 
clockwise circulirticrn I o u d  n. low pressiirc cc-nt,er li\:iy 
theore ticnlly oi:cur hi  t>he Northern Iiemisphere n i i d  
counter clorl<wisc in t.lie Soutlit~rn. This result is app~c-  

netting the velocity T I  with the 1)ressurr grai icn t y . 

attentmion to the fact ti1:i.t. tiierc is no dynn!aicid re i I: .so11 

eiit on coiisiclerntioii ol the gradient wind ec \ 11 a t’ 1c,n cc:111- 

Tlie equation is 

3 =?a. V. sin X + T’?. co t p!R 
D 

where D is density, w tuigulnr relocity id t.lie eart,h, X lnt- 
itucle, h’ radius of the eiwt,li auil p niigular radius of curra- 
ture of t,he iiir pnth. 

This equation heiiig n qu:idro,tir in 1’ lins two roots, a 
msitive one which cvrrespionds wit,li tlie iiornial circu- 

lation and a nuniericitlly liwger oiie of negative sign cor- 
responding with reversed circulation. Both tliese roots 
re iresent a stable sti1t.e mid therefore the only rcnsiin 
w t iich appears to exist to prevent the revei-sed cyclone 
is t1iii.t it can not! get stsrted, tlie rotation of the eiwth 
inevitably causing ccouii ter cloclmise ro tation to lie sc t 
up in tlie Northern Heniisphere inimeclia tcly ~ i i y  low 
pressure center is forllieil. 

In t circular cyclone of tlie reversed type. if the pres- 
sure gradient remnin rwnstmt with increming dis tame 
from the center the wind velocity will become very great 
in the outer regions, whrrc p is large. It seems to follow 
that in sur:.h a cyclbne tlie pressure gradient must f d l  off 
rnpidly from the center and the steep gradient often 
found over large areas in iiioniia.1 cyclones could not 
occur in the reversed type. 

In the case of circuliitmm round a high pressure center 
the positire sign in tmlie above equation is replaced by a 
minus sign. Two roots €or . T -  ngsin appear, but in this 
case both are of the same sign aiid therefore both corre- 
spond with clockwise rotation in the Northern Henii- 
sphere. 

It seems possible t h t  the revei-secl cyclone niny be 
formed on a small scale by nccidentnl cituses si1c.h as nn 
eddy set up round 2% prec~pitous liea~dla.nd, nnd pcrhap 
under favornble conditions such a wliirl might develup 

__ 
v. P 
cm. 

- 
.31 

.z3 

.4s 

.39 

.38 

.39 

.w 

.5s 

.51 

- 

__ 
-1. 
hum 
%. 
- 

33 

28 
51 
42 
40 

38 
4s 
1; 1 
51 

- 

Remarks. 

Streah of cirrus low in 
west. 

Thin cirri on north and 
cumuli at horimu in esst. 

Patch ofcirrusin southeast 

Cirrus low in west. 
Small patch of arms near 

horizon in east. 

into A ty-narlo, retaining its clockwise rotation. Little 
attention seems to linve been devoted to the direction 
of rotntioii of torndos and evidence on the ioint is 

1tsrr~::w for April, 191S, 2% wliirlmincl a t  Pasadena, Calif., 
was described nnd Prof. E. Ellernian, of Mount Wilson 
Solar Ohsci-v-xtciry, recordetl his impression that the 
rotatioil  mi^ clockwise. 

The mi tlior i>f tlia l>ill)er apparently did not consider 
this evidencre conclusive nncl the question remains open. 
One ~vould like to impress stroiidy on observers of such 
p~ienonicn:L t1ie importnnce uf t i h g  careful note of t~ ie  
tlirectiim iif rutntioii. A study of the damage along the 
s torm track shoulil nff orcl conclusive evidence in the 
majority of cases. In this res Iect observers in the 

tlwse in this country, owing to the extreme rarity of such 
phenomcna in Europe. 

sn!iietimeu conllic: thg .  Thus in the MONTHLY TI ! EATHER 

United States are in  t i  iiiucli more \ urorsble position than 

cic I edly grentcr thnii in the norninl type 

tin interesting €act which emerges 
roots of the equiition is that wlierens in 
de imssion the vcltscity in the revei-sed 

gradient, in small whirls of the tornado 
the smie in either direction. There is thus no reason to 
thinl; thn t, wit>li a given decrease of bnronie tric pressure 
at the center the rereisecl tornado would be appreciably 
m ~ r e  or less destructive tlinii the counterclockwise type. 

It has ])robably been generally recognized that a small 
whirl can rotiite in either direction, but the fact that the 
same principle npplies to it large cyclonic depression 
appeal.;; to have escaped attention. 

DISCZTSSION. 

While tlie main point of Mr. Dines’s paper is the proof 
of the dynitmic possibility aiid a call for observations of 
reverse cyclones, the results of n further discussion of 
this matter in the Central Office of the Weather Bureau 
may be of interest. 

A “gradient wind,” by definition, flows in a direction 
perpendicular to the gradient and a t  such a velocity that 
two of the tlirce forres, (1) gadient, deflective effect 
of tlie earth’s rotation, and (3) centrifugal force, acting 


